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The distribution of aquatic Heteroptera (Corixidae and Gerromorpha) in three backwater systems of the
Austrian Alluvial Forest National Park differing in connectivity to the Danube River was examined at
44 locations between 1999 and 2003. The most common species were Aquarius paludum and Gerris
lacustris (Gerridae).
Various statistical analyses were used to deﬁne the relationship between species occurrence and
15 environmental variables and to test their inﬂuences on species distribution. Canonical correspon-
dence analysis suggested that the main environmental gradients were the transitions from water
surface richly covered with branches and Lemna and vegetated shoreline, which most species preferred,
to open habitats with little shoreline vegetation, which only a few species preferred.
This study shows the potential signiﬁcance of heteropterans as indicator groups for paleopotamic
conditions and aquatic habitats with strong terrestrialisation processes.
& 2009 Elsevier GmbH. All rights reserved.Introduction
Heteroptera are a signiﬁcant component of the aquatic fauna
and play an important part in littoral food webs (Dubickij and
Ahmetbekova 1969; Kanyukova 1973; Hendrich and Balke 2000).
Species of the infraorder Gerromorpha exclusively live on animal
food using the water–air interface as animal traps (Spence and
Andersen 1994). Corixidae (belonging to the infraorder Nepomor-
pha) feed on algae and detritus (Putschkova 1969) but some
species prey on small insect and ﬁsh larvae (Sutton 1951; Sailer
and Lienk 1954; Applegate and Kieckhefer 1977; Pajunen 1982;
Hutchinson 1993). Most species in these taxa have the potential to
change locations by ﬂight, a few move over short distances by
terrestrial migration (Calabrese 1985; Bro¨ring and Niedringhaus
1997; Burmeister et al. 2003).
For Austria, Zettel (1995) recorded 45 species of aquatic
Heteroptera; Rabitsch (2005) noted 40 aquatic Heteroptera
(Nepomorpha) and 22 semiaquatic Heteroptera (Gerromorpha).
The species association of the European fauna has been well
investigated, especially by Poisson (1957), Kerzhner and Jachevskij
(1964), Kiritschenko (1964), Vepsa¨la¨inen (1973, 1974), Kanyukova
(1973, 1982), Nummelin and Vepsa¨la¨inen (1982), Andersen (1982,
1995), Zimmermann (1984, 1987), Jansson (1986), Savage (1989),. All rights reserved.
: +43142779572.
ern).Aukema and Rieger (1995), Rabitsch and Zettel (2000), Bro¨ring
(2001) and Rabitsch (2007). However, little is known about their
ecology.
The present study investigates the species diversity patterns of
aquatic Heteroptera (Nepomorpha: Corixidae; Gerromorpha:
Mesoveliidae, Hydrometridae, Veliidae, Gerridae) in the Alluvial
Forest National Park (AFNP) in Austria with respect to the type of
water bodies and local habitat quality parameters. Other Nepo-
morpha were not included in the analyses because they have not
been reported as bioindicators.
The Danube River in Austria was strongly regulated in the
second half of the 19th century. In the second half of the 20th
century, a series of hydropower plants was constructed along the
Upper Danube. These engineering measures lead to a loss of
connectivity between the main course of the river and its
backwater systems, and also to a reduced connectivity within
the backwater systems. When connectivity is low, the entry of the
biogenic material and soft sediment leads to the terrestrialisation
of these backwaters and, in general, to the loss of structural
variety and biodiversity (Jungwirth et al. 2003). Due to the
pressures on riverine systems, such as regulation and damming,
these hotspots of biodiversity have become some of the most
threatened ecosystems (Schiemer et al. 1999; Ward et al. 1999;
Chovanec et al. 2005). To improve the connectivity between the
side arms and the main channel, restoration started in the mid-
1990s in the Austrian Danube. Abandoned side channels were
reconnected to the Danube River by reactivation of former inﬂow
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created (Reckendorfer et al. 2006). The accompanying changes of
the biota have to be documented. Ecological indicators are one
tool for this documentation. By monitoring potential indicator
taxa, the biotic responses to ecological changes can be recorded.
Therefore, it is necessary to investigate various taxa with respect
to their potential to act as ecological indicators. For example,
Waringer and Graf (2002) identiﬁed Trichoptera communities as
reliable indicators for the gradient of lateral connectivity. Hetero-
ptera may also have an indicator value for more isolated water
bodies and the water–air interface.
Clearly, hydrological connectivity and, therefore, degree of
terrestrialisation are the most relevant abiotic factors on an
intermediate spatial scale. According to Reckendorfer et al. (2006),
the dominant habitat type in the AFNP now comprises discon-
nected habitats (40%). Areas of intermediate and high connectivity
(more than 30 days/year) account for 11% and 18%, respectively.
For our investigation area, connectivity was deﬁned by
Reckendorfer et al. (2006) as ‘‘the average annual duration (days
per year, mean of 1961–90) of the upstream surface connection of
ﬂoodplain water bodies with the main stem of the Danube River’’.
Hillman and Quinn (2002) have shown that ‘‘this parameter
primarily depends on the ﬂow pattern of the river and the position
of these water bodies relative to river height’’. The longer the
ﬂoodplain water bodies are connected to the Danube, the higher is
their ‘‘life span’’.
On a smaller spatial scale, we place special emphasis on
variables describing structures within or on the water, especially
living and dead plant material. Macan (1938) stated that the
abundance of Heteroptera increases with increasing density of
vegetation. According to Brock and Van der Velde (1996), aquatic
macroinvertebrates are often found associated with macrophytes.
Shading was also considered an important microhabitat char-
acteristic for this group. It can reduce the maximum water
temperature by several degrees (in water bodies with low running
water conditions up to 4 1C). The effect of incomplete shading on
the water temperature diminishes proportionally to the decrease
in shaded water surfaces (Moosmann et al. 2005).
In the present assessment of the AFNP, the following aims
were:1. a partial species inventory of the aquatic Heteroptera of the
Alluvial Forest National Park in Austria.2. an analysis of the Heteroptera associations with respect to
habitat parameters.3. an analysis of habitat requirements of characteristic species.Fig. 1. The Austrian Danube and the backwater s4. a discussion of the value of the group as indicators for
ﬂoodplain habitats.
Materials and methods
Study area
Field investigationwas carried out in the Austrian AFNP, a large
river-ﬂoodplain system east of Vienna. The size of the National
Park area is about 93 km2 and comprises 65% ﬂoodplain forest,
20% water area and 15% meadows and ﬁelds (Reckendorfer et al.
2006). It is a complex ecosystem depending on hydrological
dynamics (e.g. discharge regime of the Danube as well as
connectivity of the backwater system with the Danube) resulting
in different gradients with respect to current velocity, water level
ﬂuctuations, soft sediment composition and macrophyte density
(Reckendorfer et al. 2006).
The investigations were carried out in three backwater systems
of the AFNP (Fig. 1). Firstly, the Lobau (13 sampling sites in the
Obere Lobau, OL, and 16 sampling sites in the Untere Lobau, UL) is
a 20km long former ﬂoodplain area within the city limits of
Vienna that has been cut off from scouring ﬂoods. Secondly, Orth/
Donau (5 sampling sites, OR) is a 10 km long area, 45 km E of
Vienna, which is connected to the river. Thirdly, Regelsbrunn/
Haslau (10 sampling sites, RH) is an approximately 10 km long
area located on the right bank of the Danube River opposite of OR.
It is dynamically connected to the river and is exposed to
stochastic ﬂoods (Schiemer et al. 1999). Due to recent
revitalisation efforts, this area is characterised by a high degree
of connectivity between the Danube and ﬂoodplain water
bodies and between surface and ground water bodies. In
contrast, the main side water body in the Lobau is connected
only in its lower part to the Danube (Schiemer 1999; Schiemer
et al. 1999).Sampling procedure and habitat variables
Sampling and observations were carried out by visual inspec-
tion and by representative catching using dip netting once to
twice a month in the following time periods: September and
October 1999, from April to November 2000, from April to October
2001, from March to November 2002 and from April to November
2003. The actual degree of connectivity was determined from
information available in Reckendorfer et al. (2006). Terrestrialisa-
tion was derived from the microhabitat variables (see below forystems in the Alluvial Forest National Park.
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whole gradient of these parameters displayed in the respective
ﬂoodplain system.
To characterise the microhabitat types, several qualitative and
quantitative variables given below.1.Tabl
Deﬁn
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arunning water condition (yes/no),
2. size of the actual sampling location (m2),
3. woody debris (thin and big branches) on the water surface,
4. dead plant material on the water surface,
5. macrophytes,
6. shoreline vegetation (% of shoreline of the sampling location),
7. water depth (cm at the sampling location),
8. water conductivity (mS/cm),
9. soft sediment and/or gravel,
10. dead plant material on the substrate,
11. shading,
12. water and air temperature (1C),
13. cloud cover (% of the sky surface),
14. wind velocity (Beaufort-scale),
15. precipitation (no precipitation – 0, rain – 1, snow – 2),
16. species richness and their abundance (ind./m2).Variable nos. 3–5 and 9–10 were measured in percentage of
cover of the sampling place. No. 11 was measured in degrees as
angle towards the horizon in the directions south, north, west and
east using a compass and a protractor. Seven variables also
describing the state of terrestrialisation were measured to
evaluate habitat diversity. These were macrophytes, Lemna and
soft sediment layer (in percentage of cover of the area),
Phragmites, Carex and other shoreline plants (in % of shoreline of
the sampling location) and soft sediment depth (in cm at the
sampled area). Percentage cover was always estimated visually by
the ﬁrst author. Water and sediment depth was measured using a
graded stick.
Five habitat types were deﬁned along the gradient of lateral
connectivity ranging from dynamic H1-waters to temporary
H5-waters according to Chovanec et al. (2005). The criteria for
the differentiation of the habitat types were water permanency,
connectivity with the main channel and the coverage bye 1
ition and description of the habitat types.
nnectivity,
ys/year
Macrophytes,
%
Shoreline
plants, %
Habitat
type
Characterisation
- H5 No connectivity with the main c
ground water levels; terrestrial
Mean values of the factor indic
100 - H4 Water bodies connected less tha
Mean values of the factor indic
100 4 50 - H3 Water bodies connected more th
water areas by macrophytes exc
Mean values of the factor indic
100 o50 420- H2 Water bodies connected more th
does not exceed 50% of open wa
exceeds 20% of shoreline of the
Mean values of the factor indic
100 o50 o20- H1 Hydrologically dynamic water b
communities in the open water
Mean values of the factor indic
ws: characteristics on the left side of the arrow deﬁne the respective habitat type.
efore, in this table, there are in total more sampling sites given than stated in ‘‘Ma
Occasionally, depending on the time of the year and vegetation development, themacrophytes and shoreline plants (Table 1). These ﬁve habitat
types are brieﬂy described in Table 1.
Connectivity was determined for each water body
within the study area according to Reckendorfer et al. (2006)
and the average of these data was used to characterise the
sampling areas.Statistical evaluation
We determined the relative frequencies of each species in each
backwater system as follows: relative frequency=total individuals
of a species/total individuals of the Corixidae or of the small
Gerromorpha (Mesoveliidae+Hydrometridae+Veliidae) or of the
Gerridae.
We assessed the (a) alpha-, (b) beta- and (g) gamma-diversity
of species assemblages. g-diversity (the total number of species in
a region) is a function of the number of species per habitat type
(a-diversity, measured as species richness per sampling location),
the number of habitat types, and the turnover of species between
habitats (b-diversity) (Ward et al. 1999). b-diversity was calcu-
lated by the Sørensen Similarity Index as follows:
ß¼ 2c=ðS1þS2Þ
where S1 is the total number of species recorded in the ﬁrst
habitat type, S2 is the total number of species recorded in the
second habitat type, and c is the number of species common to
both communities (Sørensen 1948). High values indicate high
similarity between two sites.
Principal components analysis (PCA) was applied to species
abundance data to obtain uncorrelated factors (avoiding colli-
nearity) for use in a discrimination analysis.
Discrimination analysis (DA) was used to classify the sampling
locations according to species associations. We tested (a) whether
the four sampling areas can be discriminated based on species
abundance data and (b) which species contribute strongly to this
separation.
Using CANOCO for Windows, we determined the overall
distribution patterns and the relationship between environmental
factors and faunal association with canonical correspondence
analysis (CCA). Four factors describing the species data and fourSampling
sites
numbera
hannel, temporary pools, water level primarily dependent on
vegetation.
29
ating terrestrialisation: Soft sediment – 60%, 6 cm, Gravel – 68%
n 100 days/year; terrestrialisation processes. 10
ating terrestrialisation: Soft sediment – 85%, 18 cm, Gravel – 27%
an 100 days/year; terrestrialisation processes; coverage of open
eeds 50% of open water area.
5
ating terrestrialisation: Soft sediment – 100%, 70 cm, Gravel – 43%
an 100 days/year; coverage of open water areas by macrophytes
ter area; shoreline vegetation (e.g. Phragmites, Carex, Lemna)
sampling location.
8
ating terrestrialisation: Soft sediment – 58%, 21 cm, Gravel – 46%
odies connected with the main channel; only few macrophyte
; open banks or few shoreline plants in the littoral area.
11
ating terrestrialisation: Soft sediment – 81%, 30 cm; Gravel – 38%
%: percentage cover.
terials and methods’’.
same sampling site was characterised as a different habitat type.
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The ﬁrst two axes for species and environmental data are typically
combined in a graph showing (1) which environmental variables
have the highest impact on the distribution of the heteropterans
and (2) which species occur together. Taxa far away from the
origin of the axis have more speciﬁc habitat requirements than
those close to the origin.Results
Species composition
A total of 20 species was found during this study. Aquarius
paludum (Fabricius, 1794) had the widest distribution range as it
was present in 48% of all samples. Most other species were
represented in only 1–3% of all samples, while 12 species were
found in less than 1%. The ﬁve most frequently encountered
species, Hydrometra stagnorum (Linnaeus, 1758), Microvelia reti-
culata (Burmeister, 1835), A. paludum, Gerris argentatus Schummel,
1832 and Gerris lacustris (Linnaeus, 1758) accounted for 52% of all
individuals (Table 2). The mean abundance of these ﬁve species
ranged from 1 to 2 individuals/m2, while the other species did not
reach a mean density of 1 individual/m2.
The backwater systems differed strikingly in their Corixidae
fauna. The most abundant species were as follows: Sigara falleni
(Fieber, 1848) (relative frequency=0.68), Hesperocorixa linnaei
(Fieber, 1848) and Sigara lateralis (Leach, 1817) (0.40) and
S. lateralis and S. falleni (0.42) for UL, OL and OR, respectively.
No corixids could be detected in RH (Fig. 2a), whereas the small
Gerromorpha and Gerridae-species were found there. One species
of these two groups dominated in three out of the four backwaterTable 2
Species composition in the studied backwater systems.
Species UL OL
Ind. % Ind.
Fam. Corixidae:
Micronecta scholtzi (Fieber, 1860) 6 0.8 0
Cymatia coleoptrata (Fabricius, 1777) 0 0.0 0
Hesperocorixa linnaei (Fieber, 1848) 2 0.3 2
Hesperocorixa moesta (Fieber, 1848) 0 0.0 0
Sigara lateralis (Leach, 1817) 1 0.1 2
Sigara nigrolineata (Fieber, 1848) 1 0.1 0
Sigara falleni (Fieber, 1848) 25 3.5 1
Sigara distincta (Fieber, 1848) 2 0.3 0
Fam. Mesoveliidae:
Mesovelia furcata Mulsant & Rey, 1852 16 2.2 11
Fam. Hydrometridae:
Hydrometra gracilenta Horvath, 1899 6 0.8 0
Hydrometra stagnorum (Linnaeus, 1758) 2 0.3 1
Fam. Veliidae:
Microvelia buenoi Drake, 1920 11 1.5 4
Microvelia reticulata (Burmeister, 1835) 58 8.1 46
Fam. Gerridae:
Aquarius paludum (Fabricius, 1794) 332 46.2 49
Limnoporus rufoscutellatus (Latreille, 1807) 1 0.1 2
Gerris argentatus Schummel, 1832 184 25.6 52
Gerris lacustris (Linnaeus, 1758) 46 6.4 16
Gerris odontogaster (Zetterstedt, 1828) 14 1.9 24
Gerris asper (Fieber, 1860) 11 1.5 4
Gerris thoracicus Schummel, 1832 0 0.0 0
Total number of individuals 718 214
Number of samples 99 58
UL: Untere Lobau, OL: Obere Lobau, OR: Orth/Donau, RH: Regelsbrunn/Haslau.systems:M. reticulata (small Gerromorpha) was most abundant at
all sites except RH. Here, H. stagnorum (small Gerromorpha) was
more prominent. A. paludum (Gerridae) dominated in all places
except OR, where G. argentatuswas more frequent (Figs. 2b and c).
RH clearly exhibited the lowest g-diversity in terms of species
richness (7 versus 17, 17 and 13 for OR, UL and OL, respectively).
A linear regression analysis of the four backwater systems
conﬁrms that the associations in the OL are more diverse than in
all others (Fig. 3). However, fewer individuals per sample were
caught in this area. In contrast, the associations in RH consist of
fewer species with more individuals per sample.
Connectivity and habitat characterisation
The studied water bodies in RH are most frequently connected
to the Danube (the average of connectivity is 93.6780 days/year)
whereas the water bodies in the Lobau are least frequently
connected to the river (the average is 0 in OL and 0.573.5 days/
year in UL).
With rising connectivity, soft sediment cover and the thickness
of soft sediment layers at the shoreline increase. In addition, these
water bodies have a smaller section of shoreline covered with
Phragmites and the water bodies become deeper (Table 3).
Habitat type H5 (isolated water bodies, terrestrial vegetation)
dominates in 100% and 98% of the sampling locations in the OL
and UL, respectively. In total 2% of the sampling places in the UL
showed the type H4 (connectivity o100 days/year, terrestrialisa-
tion processes). According to our investigations, OR and RH are
similar with respect to habitat type: H4 dominates in both of
them. We could ﬁnd all habitat types in these two backwater
systems, except H3 (connectivity 4100 days/year, macrophytes
450% of open water area) in OR and H5 in RH.OR RH Total
% Ind. % Ind. % Ind. %
0.0 0 0.0 0 0.0 6 0.2
0.0 3 0.6 0 0.0 3 0.1
0.9 1 0.2 0 0.0 5 0.2
0.0 1 0.2 0 0.0 1 0.0
0.9 14 3.0 0 0.0 17 0.7
0.0 0 0.0 0 0.0 1 0.0
0.5 14 3.0 0 0.0 40 1.6
0.0 0 0.0 0 0.0 2 0.1
5.1 35 7.6 6 0.5 68 2.7
0.0 17 3.7 0 0.0 23 0.9
0.5 35 7.6 225 19.2 263 10.2
1.9 7 1.5 0 0.0 22 0.9
21.5 102 22.0 3 0.3 209 8.1
22.9 111 24.0 733 62.6 1225 47.7
0.9 5 1.1 0 0.0 8 0.3
24.3 10 2.2 11 0.9 257 10.0
7.5 103 22.2 192 16.4 357 13.9
11.2 1 0.2 1 0.1 40 1.6
1.9 3 0.6 0 0.0 18 0.7
0.0 1 0.2 0 0.0 1 0.0
463 1171 2566
44 86 287
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Fig. 2. Distribution of the aquatic heteropterans in the Austrian Alluvial Forest National Park: (a) Corixidae; (b) small Gerromorpha; (c) Gerridae. UL: Untere Lobau, OL:
Obere Lobau, OR: Orth/Donau, RH: Regelsbrunn/Haslau.
Fig. 3. Comparison of the associations of the aquatic heteropterans in the Alluvial Forest National Park using regression analysis (y=a+bx). Four studied backwater systems
are compared according to the diversity of the associations and to the frequency of the species. UL: Untere Lobau, OL: Obere Lobau, OR: Orth/Donau, RH: Regelsbrunn/
Haslau. a,b - regression parameters, r2 - coefﬁcient of determination.
M. Skern et al. / Limnologica 40 (2010) 241–250 245Species associations depend upon the connectivity variations.
We could observe differences even with common species as
H. stagnorum, A. paludum and G. lacustris. They were found in
(nearly) all habitat types, but showed clear distribution maxima in
different habitat types (Fig. 4). H. stagnorum dominated in H4,
where 62% of the individuals of this species were observed.
A. paludum dominated in H3 (39%). G. lacustris was mostly found
in H1 (dynamically connected and open water bodies) and H4
(17% in both habitat types).Several other species were restricted to one type of habitat:
Micronecta scholtzi (Fieber, 1860), H. linnaei, S. lateralis, Sigara
nigrolineata (Fieber, 1848) and Sigara distincta (Fieber, 1848) were
found only in H5. Cymatia coleoptrata (Fabricius, 1777) and Gerris
thoracicus Schummel, 1832 populated only H2 (connectivity
4100 days/year), and Hesperocorixa moesta (Fieber, 1848) only
H4.
The maximum a-diversity (17 species, see Table 4) is found in
H5 – strongly isolated water bodies. Eleven out of 20 species
ARTICLE IN PRESS
Table 3
Characterisation of water bodies with respect to connectivity: (a) environmental parameters (mean values) and (b) most frequent species (mean values).
Unit Connectivity (days/year)
0 0–30 30–90 90–250 250–365
(a) Environmental parameter
Thin branches % 9 25 14 27 13
Macrophyte cover % 18 8 16 25 18
Phragmites % 22 3 3 2 7
Lemna % 2 1 15 14 0
Other shoreline plants % 9 9 7 9 3
Depth shore cm 12 6 14 6 25
Soft sediment cover % 60 83 87 78 82
Soft sediment layer cm 6 19 18 42 24
Gravel cover % 68 47 9 42 41
t 1C water 1C 18 18 20 18 16
N samples 159 32 37 46 13
(b) Species
H. stagnorum ind./m2 0.1 0.7 0.8 0.6 0.2
A. paIudum ind./m2 0.5 1.1 0.9 2.0 0.5
G. lacustris ind./m2 0.2 0.7 0.5 0.9 0.5
Fig. 4. Distribution of the species in the habitat types of the Alluvial Forest National Park. Habitat types H1–H5 are described in Table 1.
M. Skern et al. / Limnologica 40 (2010) 241–250246showed a strong preference for this habitat type (Fig. 4). In
contrast, the lowest a-diversity (6 species: Mesovelia furcata
Mulsant and Rey, 1852 – 9%, H. stagnorum – 20.5%, M. reticulata –
1%, A. paludum – 39%, G. argentatus – 2% and G. lacustris – 8%) was
found in H3 habitats. Very low a-diversity (7 species) was also
observed in H1 – hydrologically dynamic water bodies.
The b-diversity measured as Sørensen Index (Table 4)
emphasises the speciﬁc characteristics of the assemblage of H5:
it shows low overlap values with H1 to H3 and is only similar toH4. The less isolated habitat types H1, H3 and H4 show strikingly
high species overlap, whereas the associations in H2 are clearly
separated from those in the other three.Species associations
PCA was carried out, including the log-transformed abundance
values of the 13 most frequent species. In total 77% of the variation
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(Table 5). PCA-axis 1 is strongly correlated with H. stagnorum and
G. lacustris, PCA-axis 2-with S. lateralis and S. falleni, PCA-axis
3-with Gerris asper (Fieber, 1860) and three other species,
PCA-axis 4-predominantely with Gerris odontogaster (Zetterstedt,
1828). The remaining two axes, which contribute only little to the
overall explanation of variance, are inﬂuenced by a combination of
two species, one with a positive correlation coefﬁcient, the other
one with a negative correlation coefﬁcient (+A. paludum and
Microvelia buenoi Drake, 1920 for axis ﬁve and +Hydrometra
gracilenta Horvath, 1899 and –M. furcata for axis six).
The six PCA-axes obtained were applied to analyse differences
of heteropterans associations in the four backwater systems by
the DA. In the DA, 64% of the observations are classiﬁed correctly
using the six PCA-axes (Table 6). For example, 13 out of
16 sampling locations of the UL were classiﬁed correctly. The
ﬁrst discrimination function separated mainly UL from the other
sites (not shown). It was positively correlated with the ﬁrst
PCA-axis (e.g. the most common species H. stagnorum andTable 5
Factors loadings (species-PCA axes).
Species Factor loadings of PCA axes
1 2 3 4 5 6
S. lateralis 0.41 0.83 0.02 0.08 0.11 0.03
S. falleni 0.04 0.83 0.01 0.02 0.06 0.03
M. furcata 0.03 0.14 0.06 0.17 0.24 0.60
H. gracilenta 0.21 0.20 0.05 0.22 0.29 0.77
H. stagnorum 0.86 0.29 0.07 0.09 0.03 0.12
M. buenoi 0.07 0.03 0.07 0.20 0.78 0.07
M. reticulata 0.28 0.56 0.58 0.32 0.10 0.01
A. paludum 0.22 0.16 0.25 0.38 0.65 0.07
L. rufoscutellatus 0.53 0.37 0.57 0.18 0.11 0.27
G. argentatus 0.35 0.13 0.51 0.33 0.21 0.36
G. lacustris 0.89 0.09 0.10 0.26 0.04 0.02
G. odontogaster 0.07 0.04 0.02 0.92 0.06 0.02
G. asper 0.11 0.11 0.89 0.07 0.05 0.12
Table 6
Results of DA: classiﬁcation of the sampling sites according to species factors (PCA-
axes).
Backwater system Predicted group afﬁliation
UL OL OR RH Cases total
Original classiﬁcation UL 13 3 0 0 16
OL 6 6 1 0 13
OR 0 2 3 0 5
RH 2 2 0 6 10
Rows: actual group membership, columns: group membership according to DA.
UL: Untere Lobau. OL: Obere Lobau. OR: Orth/Donau. RH: Regelsbrunn/Haslau.
Table 4
(a) a-diversity (species richness) and (b) b-diversity (Sørensen indices) in the ﬁve
habitat types.
H1 H2 H3 H4 H5
(a) Species number 7 8 6 11 17
(b) H1 – 0.53 0.77 0.78 0.58
H2 – – 0.43 0.42 0.48
H3 – – – 0.71 0.52
H4 – – – – 0.71G. lacustris were important for classifying the backwater
systems) and negatively with PCA-axis 5 (A. paludum,+M.
buenoi). The second discrimination function was positively
correlated with PCA-axis 4 (G. odontogaster) and PCA-axis 5
(+A. paludum,M. buenoi), separating mainly OL from the other
locations. The third discrimination function was positively
correlated with PCA-axis 3 (+G. asper) and PCA-axis 2
(S. falleni, S. lateralis), separating mainly OR (negative values)
from RH (positive values).The relationship between species associations and habitat
characteristics
The summary of the Monte Carlo Test shows that the results
are signiﬁcant (p of the ﬁrst CCA-axe=0.004 and p of all CCA
axis=0.01) (Fig. 5). In total 41% of species-environment variation is
explained by the ﬁrst two axes. The four species- and four
environment-axes correlate strongly (species-environmental
correlation coefﬁcients range from 0.78 to 0.97).
From the correlation between the CCA axis and the variables,
we infer that the ﬁrst axis (CCA axis 1) describes water surface
structure. Positive scores indicate open water surface (but dense
macrophyte vegetation and comparatively higher water tempera-
tures). This proved to be a preferred habitat of M. furcata and
A. paludum. Negative scores stand for the presence of thin
branches and/or Lemna at the water surface, which is favoured
by the larger species group represented by the two common
species G. argentatus and G. lacustris.
The second axis (CCA axis 2) is determined by shoreline
structure. Positive scores indicate coarse littoral substrate (gravel)
with low cover of vegetation, which is preferred by M. furcata and
A. paludum. Negative scores indicate highly vegetated and,
consequently, shaded shorelines with the slightly lower tempera-
tures. Such habitats are favoured by the larger species group:
H. gracilenta, H. stagnorum, M. reticulata, L. rufoscutellatus,
G. argentatus, G. lacustris, G. odontogaster and G. asper.
S. falleni and M. buenoi have quite speciﬁc habitat require-
ments, which is evident from their position far away from the
centre of the graph. S. falleni occurred in areas with little structure
of both surface and shoreline (an unusual combination of
environmental factors).M. buenoimainly occurred in water bodies
with highly vegetated shoreline.Discussion
A species inventory of the aquatic Heteroptera of the ANFP
The 20 species identiﬁed (8 Corixidae, 5 small Gerromorpha
and 7 Gerridae) in the AFNP represent 32% of the Austrian aquatic
heteropterans (see Rabitsch 2005). This level of diversity is
comparable to that reported from the Tisza ﬂoodplain in Hungary
(18 species, Vasarhely 2007), but much higher than species
numbers reported for the Slovakian Danube ﬂoodplains
(14 species; Bulankova 1995).Species associations and connectivity
Our study shows that all species populate almost every water
body in which they can ﬁnd food (for example, small insects) and
hiding places (for example, shoreline plants). However, in addition
to some very common species (H. stagnorum, A. paludum and
G. lacustris), some rare taxa were encountered with a more
restricted distribution.
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Fig. 5. CCA biplot of species by environmental variables based on 44 sampling locations.
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different species associations were identiﬁed. Within these four
groups, species were further differentiated according to the
microhabitat use based on result of the CCA (using semicolons
to mark the ‘‘subgroups’’).
(1) C. coleoptrata, G. thoracicus and Limnoporus rufoscutellatus
(Latreille, 1807) mostly occurred in the habitat type H2, which is
characterised by water bodies with more than 100 days/year
connectivity to the main stem of the river and with low
development of macrophytes and shoreline plants.
(2) A. paludum, a widely distributed species, preferred habitat
type H3 (connectivity to the Danubeomean value 30.3 days/year,
macrophyte cover 4 mean value 15.6%). Such water bodies were
also characterised by a comparatively higher water temperature.
The CCA showed a preference of the species for localities with
open water surface.
(3) H. moesta; M. furcata; H. gracilenta, H. stagnorum and
G. lacustris are characteristic for the habitat type H4 (open, rarely
connected habitats with less macrophytes). Of these, H. gracilenta,
H. stagnorum and G. lacustris are more widely distributed species
with a preference for low macrophyte cover and higher cover by
shoreline plants. H. moesta (only H4) and M. furcata show a more
restricted occurrence. Pertinently, H. stagnorum and G. lacustris
were shown by Hufnagel et al. (1999) to favour small, shallow
ponds or streams.
(4) M. scholtzi, H. linnaei, S. lateralis, S. nigrolineata and
S. distincta; S. falleni; M. buenoi; M. reticulata and G. argentatus;G. odontogaster and G. asper. These species preferred the habitat
type H5 (strongly disconnected water bodies with the high
tendency of terrestrialisation). M. reticulata and G. argentatus can
be also found in other habitats. Compared to M. reticulata and
G. argentatus, G. odontogaster and G. asper were described in
shaded places with more shoreline plants. M. buenoi obviously
was indifferent towards surface structure. In contrast to other
corixids, S. falleni was mainly found in the habitats with gravel
bottoms and little structure. Additionally, according to Hufnagel
et al. (1999), the corixids S. falleni and S. lateralis are characteristic
for deeper water bodies.
No characteristic associations were determined for the habitat
type H1 with hydrologically dynamic water bodies. Only a few
eurytopic species (H. gracilenta, H. stagnorum, M. reticulata,
A. paludum, G. argentatus, G. lacustris, G. asper) were found there
in low densities.
Our ﬁndings conﬁrm that isolated water bodies are
the most important habitats for aquatic Heteroptera. In H4 and
H5, habitat-speciﬁc species associations dominated, but
again several species can be classiﬁed as eurytopic. However, we
also found a characteristic species association for one frequently
connected type of water body (H2). The association characteristic
for H1+H3 is dominated by eurytopic species. While
H1 lacks shoreline vegetation and macrophytes, the
macrophyte cover of H3 are likely to be eroded by periodic
ﬂood events, which may limit the habitat value for aquatic
Heteroptera.
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We found that most types of plant material (living or dead, on
the shore or in the open water) had a strong affect on most
species:(1) A. paludum and M. furcata were afﬁliated with dense
macrophytes, supporting ﬁndings from Brock and Van der
Velde (1996), and Macan (1938). A. paludumwas also observed
to have a preference for deeper habitats.(2) The preference for dense shoreline vegetation by most aquatic
Heteroptera may be explained by the greater possibility for
ﬁnding hiding places. Macan (1938) reported rising densities
of the aquatic bugs on shores with thick vegetation and
covered by soft sediment. Karaouzas and Gritzalis (2006) also
conﬁrm the importance of the riparian vegetation for Hetero-
ptera assemblages. In our study, associations (3) and (4)
support this statement. One of the H2-characteristic species
(L. rufoscutellatus) is also clearly inﬂuenced by the occurrence
of shoreline vegetation.(3) Branches or Lemna on the water surface were important for
habitat choice by most species. According to Coll and
Guershon (2002), ‘‘the high availability of plant material in a
habitat could allow alternate plant and prey feeding’’.
The search activities for plant and prey resources are not
independent. Plant material may also serve as substratum for
speciﬁc microfauna (Madoni 1994). Besides, complementing a
vegetarian diet with animal prey, or a carnivorous one with
plant material, provides the omnivore with nutrients, vita-
mins, and minerals that are limited in its primary diet
(Coll and Guershon 2002).Aquatic Heteroptera as indicators of ﬂoodplain habitats
Published evidence for the potential of aquatic Heteroptera to
serve as ecological indicators is controversial. According to
Jansson (1987) and Savage (1994), the species compositions
reﬂect water quality, ecological integrity, habitat diversity as well
as stress by pollutants. Vianna et al. (1999) afﬁrmed that the
abundance of species indicates inﬂuence of human disturbance.
Vianna et al. (1999) and Spence and Andersen (2000) conﬁrmed
that the aquatic Heteroptera may have potential value in
environmental monitoring, especially Gerromorpha populations
responding to anthropogenic changes. In contrast, Eyre and Foster
(1989) found that water bugs had little potential to predict the
ecological status of water bodies. Several authors state that most
species can populate every type of water bodies and that they
therefore have a broad habitat range (Macan 1938; Kanyukova
1982; Tully et al. 1991; Savage 1994; Andersen 1982; Burmeister
et al. 2003).
Our DA using the species distribution showed that the two
hydrologically isolated backwater systems (OL and UL) share more
or less the same associations. The two more connected backwater
systems do however have a speciﬁc typical Heteroptera associa-
tion. Especially the association in the highly dynamic site (RH) is
unique (H. stagnorum dominates in many sampling places and
there are no Corixidae). We conclude that habitats differing in
hydrological connectivity can be discriminated by the Heteroptera
fauna. A few eurytopic species can populate even highly
connected backwater systems whereas the isolated habitat types
harbour a much diverser association. A deﬁcit of characteristic
species identiﬁes deﬁciencies in vegetation cover and shoreline
structure.
Our analysis suggests that associations segregate along
gradients of vegetation cover. The assessment of the g-diversityof speciﬁc backwater systems allows the identiﬁcation of
deﬁciencies in habitat composition with regard to strongly
isolated types of water bodies. Thus, our study indicates the
potential signiﬁcance of heteropterans as an indicator group for
paleopotamic conditions and aquatic habitats with strong terres-
trialisation processes. With the improved knowledge not only on
habitat requirements, but also with a better understanding of
competition, predation and parasitism of the different species
assemblages, their value as indicators in ﬂoodplain habitat
inventory programs can be strongly enhanced.Acknowledgements
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